All relevant data are within the manuscript and its Supporting Information files.

Introduction {#sec003}
============

Postoperative pain assessment is predominantly performed by nursing staff. Patients are asked to rate the severity of their pain on a visual analogue scale (VAS) or a numerical rating scale (NRS). Both VAS and NRS are currently the gold standards for pain assessment and are often used to compare for severe postoperative pain between hospitals \[[@pone.0232082.ref001], [@pone.0232082.ref002]\]. However, it is conceivable that what we now consider as a valid outcome in reality ignores the patient's perspective \[[@pone.0232082.ref003]\]. For example, nurses sometimes may decide to alter the patients reported score, e.g., the recorded NRS may be a 'negotiated' result, or they 'average' the patient-reported pain score with their own assessment of the observed pain \[[@pone.0232082.ref004]\]. Another problem of current postoperative pain management is the outside pressure from patient safety and healthcare improvement programs mandated by governments to reduce the number of patients with pain scores higher than NRS 7 without having clarity on how patients value these scores \[[@pone.0232082.ref005]\]. Postoperative pain management based only on NRS rather than the patient's valuation might lead to analgesic over-administration due to strict adherence to a NRS threshold for administering analgesics established by protocol \[[@pone.0232082.ref006]\]. Lastly, the willingness from nurses to record pain scores is possibly low due to their workload and experienced high administrative burden \[[@pone.0232082.ref007], [@pone.0232082.ref008]\].

Self-assessment and recording of postoperative pain by patients might be the solution to overcome the aforementioned problems. The results of a study evaluating the effectiveness of using a self-reporting pain board in 50 oncology patients suggested that self reporting reduces under-assessment and provides a reliable and effective means of assessing pain \[[@pone.0232082.ref009]\]. In addition, hospitalized patients like to be in control and are willing to contribute to their treatment and the recording of symptoms (e.g. pain) in their electronic medical record (EMR) \[[@pone.0232082.ref009], [@pone.0232082.ref010]\]. Yet, most hospitals do not provide options or tools for patients to contribute to their EMR.

In the present study we have collected data of patient and stakeholder experiences on the usability of a newly developed smartphone application for self-recording postoperative pain by hospitalized patients. The main objective was to collect recommendations and improvements to adjust the smartphone application to its final version. Furthermore, we have collected patients' self-recorded pain scores with the application and pain scores recorded by nurses to assess the agreement between scores, and to determine if patient self-recording of postoperative pain with a smartphone application might be a suitable tool for postoperative pain management.

Materials and methods {#sec004}
=====================

Study design {#sec005}
------------

A prospective mixed method cohort study was conducted in OLVG Hospital a Dutch general teaching hospital situated at two locations in Amsterdam, the Netherlands. The study was conducted according to the principles of Good Clinical Practice and to the Declaration of Helsinki \[[@pone.0232082.ref011]\]. The OLVG Hospital medical ethics committee considered this study as not being covered by the Medical Research Involving Human Subjects Act (WMO). The study was approved by the local institutional board of OLVG Hospital. Written informed consent was obtained from all participating patients. The study is registered with a summary of the study protocol in de Dutch Trial Register (Nederlands Trial Register, NTR) with number NL6565 \[[@pone.0232082.ref012]\].

The prototype application was built by Logicapps, Amsterdam, the Netherlands. The application was developed to be accessible free of charge for patients using smartphones with an Android operating system. During the study, the application was securely connected with the data server of Logicapps according to the standards of privacy protection mandated by Dutch law. Furthermore, a Conformité Européenne certificate (CE certificate) to indicate conformity with health, safety and environmental protection standards for products within the European Economic Area (EEA) was not mandated during the conduct of this study \[[@pone.0232082.ref013]\].

Participants and recruitment {#sec006}
----------------------------

Patients, aged 18 years or older, undergoing elective non-outpatient surgery and being in possession of a smartphone with Android operating system were regarded as suitable participants. Patients not able to read or understand Dutch were excluded from participation in this study. Patients were asked to participate in this study during their visit to the outpatient pre-anesthesia clinic. Participants received an information-letter providing details about the study. In addition, a researcher helped the patients with downloading the application to their smartphone and provided instructions on how to use the application and about the course of the study. A patient sample size of 50 patients, based on sample size calculation for qualitative studies, was estimated to be sufficient for collecting end-user feedback \[[@pone.0232082.ref014], [@pone.0232082.ref015]\]. Patients were recruited in consecutive order of hospital admission.

Furthermore, based on their interest and experience, we asked 4 anesthesiologists, 3 physician assistants, 2 medical students, 1 software engineer and 2 patients from de OLVG patient council, to be part of a stakeholder group to comment on the application. We estimated that the opinions of 12 stakeholders should provide sufficient information \[[@pone.0232082.ref016], [@pone.0232082.ref017]\].

Study procedure {#sec007}
---------------

During preoperative assessment patients willing to participate received a verbal- and 'hands on' instruction on how to use the application. After downloading the application from Google Play™, patients were required to fill in the following information upon opening the application; name, date of birth and gender. Patients were then asked to allow that the application could send notifications to their mobile devices. The patients' identity was verified and the application was connected to the research database after authorization by a researcher. Furthermore patients received a 'pencil and paper' questionnaire for the evaluation of the application ([S1](#pone.0232082.s001){ref-type="supplementary-material"} and [S2](#pone.0232082.s002){ref-type="supplementary-material"} Files).

During admission, patients received standard care provided by the ward nurses and were treated for their postoperative pain according to the local standards based on the Guidelines for treatment of Postoperative Pain of the Dutch society of anesthesiologists \[[@pone.0232082.ref018]\]. Moreover, postoperative pain intensity was regularly verbally assessed on a scale from 0 (no pain) to 10 (worst imaginable pain) by ward nurses at least once every eight hours and thereafter recorded in the patient's electronic medical record (EMR). This method of pain assessment is common practice in most Dutch hospitals and commonly referred to as a 'numerical rating scale'. The use of the application during the course of the study had no implications for the treatment of postoperative pain. Furthermore, the application did not provide any in-app advice on treatment or analgesic medication to the patients or to the medical staff.

After surgery, patients were discharged from the postoperative anesthesia care unit (PACU) under the condition that their pain was 'bearable' with a NRS lower or equal to 4. Back on the nursing ward, patients could start using the application unrestricted to self-report on their postoperative pain. In addition, all patients were notified three times daily fixed at 8:00, 14:00 and 22:00 by the application to record pain. If the application was activated to record pain, the app opened on the home screen 'My Pain score' ([Fig 1](#pone.0232082.g001){ref-type="fig"}). In this screen patients could record their pain by answering the following question 'are you in pain: at rest or during movement?' Furthermore, they could define the intensity of their pain on a scale from 0 (no pain) to 10 (worst imaginable pain) by choosing the desired number with an on-screen numeric wheel. The default starting position of the wheel was set at 5 and the wheel was provided with text anchors at both ends of the scale referring to no pain (0) and worst imaginable pain (10). The pain intensity wheel was also equipped with a custom-designed 11-face scale to clarify and indicate the direction of the scale. The faces scale used in the application was designed to fit with the 11-point numerical scale and is based on the 6-faces scale recommended by the 2015 pain guideline from the Dutch college of General Practitioners \[[@pone.0232082.ref019]\]. The use of an 11-face pain scale seems appropriate for measuring acute postoperative pain in adult patients as was shown in a study amongst orthopedic surgical patients \[[@pone.0232082.ref020]\]. After recording their pain intensity, patients were asked to answer three additional questions ([Fig 2A, 2B and 2C](#pone.0232082.g002){ref-type="fig"}); 'Is the pain bearable?', 'Is extra pain relief required?' and 'Contact the nurse?' After these questions were completed, patients received a message from the application that their pain score had been recorded and that the in-app pain chart was updated accordingly ([Fig 3](#pone.0232082.g003){ref-type="fig"}). The first day after surgery, a researcher visited the patients on the ward to collect the questionnaire and had a short briefing of their participation.

![Home screen: My pain score.](pone.0232082.g001){#pone.0232082.g001}

![A. additional pain question: Is the pain bearable?. B. PAIN app additional pain question: Is extra pain relief required?. C. PAIN app additional pain question: Contact the nurse?.](pone.0232082.g002){#pone.0232082.g002}

![In-app pain chart.](pone.0232082.g003){#pone.0232082.g003}

Outcomes {#sec008}
--------

To compile an overview of patient characteristics and surgical procedures an information specialist extracted the following variables from the electronic medical record (EMR): age, type of surgery and hospital length of stay.

The main outcome was feedback from patients and stakeholders to improve the prototype application. We provided patients with a 12-item questionnaire ([S1](#pone.0232082.s001){ref-type="supplementary-material"} and [S2](#pone.0232082.s002){ref-type="supplementary-material"} Files). Questions had to be answered with a 5-point Likert-scale. In the questionnaire we have used the following categorization for pain; "no pain", "little pain", "bearable pain", "considerable pain", "severe pain" for patients to value their overall experienced pain during the admission \[[@pone.0232082.ref001], [@pone.0232082.ref021], [@pone.0232082.ref022]\]. Stakeholders were individually questioned during a semi structured interview conducted by a researcher after they had the opportunity to examine the application ([S3](#pone.0232082.s003){ref-type="supplementary-material"} and [S4](#pone.0232082.s004){ref-type="supplementary-material"} Files). Patient questionnaire and stakeholder interviews were derived from a previously conducted survey that evaluated quality assessment criteria and usability testing for smartphone applications intended for self-management of pain \[[@pone.0232082.ref023]\]. Questions were translated into Dutch language and assessed by our department of communication to check for comprehensibility and ambiguity.

The secondary outcome was to investigate differences in the number, intensity, and timing of the pain scores recorded by patients with the application compared to the pain scores recorded by nurses in EMR.

Statistical analysis and reporting {#sec009}
----------------------------------

Patient characteristics are described with categorical data presented in numbers and percentages and continuous data with mean and (interquartile) range depending on their distribution.

We grouped feedback from patients and stakeholders into the following themes: design, usability, content, and workflow, obtained from previous research \[[@pone.0232082.ref024]--[@pone.0232082.ref026]\]. In line with the methodology of framework analysis, 3 researchers (EvH, BT and MG) independently rated the comments and recommendations from the patients and stakeholders in order to create a ranking of necessary modifications ordered by importance and ease of adjustment \[[@pone.0232082.ref027]\].

Differences between patient reported pain scores and nurse reported pain scores were tested for significance using Mann Whitney U test. All statistical calculations were carried out using SPSS statistics version 20.0 (SPSS Inc., Chicago, IL). P-values less than 0.05 were considered statistically significant. The study results are reported according to the Strengthening the reporting of observational studies in epidemiology (STROBE) guideline and Standards for Reporting Qualitative Research (SRQR) \[[@pone.0232082.ref028], [@pone.0232082.ref029]\]

Results and discussion {#sec010}
======================

Patient recruitment and demographics {#sec011}
------------------------------------

The study was conducted between 3/10/2017 and 7/11/2017. We identified 223 patients who met the inclusion criteria ([Fig 4](#pone.0232082.g004){ref-type="fig"}).

![Patient recruitment flowchart.](pone.0232082.g004){#pone.0232082.g004}

A total of fifty patients possessing a smartphone with Android operating system 4.0 or higher were included. Two patients, who had signed informed consent, were not connected to the study database due to technical reasons. These patients were considered lost to follow up and were replaced.

Two patients did not use the application and did not fill out the questionnaire. Stated reasons were they were feeling too ill after complicated laparoscopic gastric sleeve resection resulting in severe postoperative pain and severe nausea. One patient used the app but did not answer the questionnaire and could not be reached after hospital discharge. One patient used the application but only partially completed the questionnaire.

Eighteen patients participating were men and 32 were women. Mean age was 49 years (range 21 to 72 years). The severity of the surgery varied from minor (e.g. tonsillectomy) to major (e.g. hip arthroplasty). Postoperative hospitalization was 1.5 days (range 0.3 to 8.9) ([Table 1](#pone.0232082.t001){ref-type="table"}). Indicating the experience patients have gained in using the app, the median number of pain app recordings before questionnaire completion was 3 (range 0 to 13).

10.1371/journal.pone.0232082.t001

###### Patient characteristics and surgical procedures.

![](pone.0232082.t001){#pone.0232082.t001g}

  ---------------------------------------- ----------------
  **Total number of patients**             50
  Age                                      49 (21--72)
  Male sex                                 18
  Female sex                               32
  Postoperative hospitalization            1.5 (0.3--8.9)
  **Surgical procedures**                  
      Spinal surgery                       16
      Laparoscopic Gastric Bypass          16
      Hip Arthroplasty                     5
      Knee Arthroplasty                    2
      Mamma Reduction                      2
      Tibia Osteosynthesis                 2
      Laparoscopic Hernia Repair           2
      Parotidectomy                        1
      Tonsillectomy                        1
      Abdominoplasty                       1
      Septoplasty                          1
      Expansion Sphincter Pharyngoplasty   1
  ---------------------------------------- ----------------

Data are expressed in mean with range and in numbers

Main outcome {#sec012}
------------

Thirty patients (60%) rated communicating the degree of pain with the application as satisfying or very satisfying ([Table 2](#pone.0232082.t002){ref-type="table"}). The overall experienced postoperative pain was valued as no pain by 3 patients (6%), little pain in 5 patients (10%), 25 patients (50%) valued their pain as bearable and 13 (26%) valued their pain as considerable. One patient (2%) experienced severe pain. Asking patients if they could easily and correctly record their pain with the application 45 (90%) agreed or totally agreed. Asking about the three times daily notifications to score pain 38 patients (76%) agreed or totally agreed that this was useful. Regarding the overall appearance of the app 40 patients (80%) found it attractive or very attractive. Asking if it would be beneficial to contact a nurse with the application 9 (18%) of the patients reported that it would not be beneficial. The in-app pain intensity chart was valued as useful or very useful by 40 patients (80%).

10.1371/journal.pone.0232082.t002

###### Results patient questionnaires.

![](pone.0232082.t002){#pone.0232082.t002g}

  ------------------------------------------------------------------------------------ -------------------------- --------------------- ------------------- ----------------------- ---------------------------
  Did you like communicating the degree of pain with this app?                         6 (12%) very satisfying    24 (48%) satisfying   17 (34%) ok         0 (0%) not satisfying   0 (0%) very unsatisfying
  How much pain did you experience after surgery?                                      3 (6%) No                  5 (10%) little        25 (50%) bearable   13 (26%) considerable   1 (2%) severe pain
  The application is easy to use.                                                      28 (56%) totally agree     17 (34%) agree        1 (2%) no opinion   0 (0%) disagree         0 (0%) totally disagree
  With the application I can correctly record my pain.                                 21 (42%) totally agree     24 (48%) agree        1 (2%) no opinion   0 (0%) disagree         0 (0%) totally disagree
  It is useful that the application reminds me to record my pain with notifications.   19 (38%) totally agree     19 (38%) agree        6 (12%) ok          1 (2%) disagree         1 (2%) totally disagree
  How do you rate the appearance of the application?                                   7 (14%) very attractive    33 (66%) attractive   6 (12%) ok          0 (0%) unattractive     0 (0%) very unattractive
  How do you rate the used colors?                                                     12 (24%) very attractive   25 (50%) attractive   9 (18%) ok          0 (0%) unattractive     0 (0%) very unattractive
  How do you rate the used fonts?                                                      15 (30%) very attractive   27 (54%) attractive   4 (8%) ok           0 (0%) unattractive     0 (0%) very unattractive
  How do you rate the layout of the application?                                       17 (36%) very attractive   23 (46%) attractive   5 (10%) ok          0 (0%) unattractive     0 (0%) very unattractive
  How do you rate recording your pain with the application?                            25 (50%) very useful       16 (32%) useful       4 (8%) ok           0 (0%) not useful       1 (2%) not useful at all
  Would you like to be able to call a nurse with the application?                      16 (32%) very useful       10 (20%) useful       9 (18%) ok          1 (2%) not useful       9 (18%) not useful at all
  How do you rate the in-application the pain chart?                                   17 (34%) very useful       23 (46%) useful       5 (10%) ok          1 (2%) not useful       0 (0%) not useful at all
  ------------------------------------------------------------------------------------ -------------------------- --------------------- ------------------- ----------------------- ---------------------------

Data are expressed in numbers and percentages; the difference in total numbers per question is explained by 3 patients who did not or partially complete the questionnaire

All professionals agreed that the design of the application looked appealing and had neutral colors ([Table 3](#pone.0232082.t003){ref-type="table"}). They shared the opinion that the in-app pain intensity chart was unclear. For example, there is no distinction between entered pain scores at rest or during movement and there is no information provided at what time point the pain was recorded.

10.1371/journal.pone.0232082.t003

###### Stakeholder comments and recommendations for improvement.

![](pone.0232082.t003){#pone.0232082.t003g}

  Design                                                                                                                                                                                                                                                                                            Recommendation                                                                           Rating
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------- ------------
  Modern look                                                                                                                                                                                                                                                                                       No recommendation                                                                        
  Various font styles                                                                                                                                                                                                                                                                               Standardize font style                                                                   \+
  Composed and clear                                                                                                                                                                                                                                                                                No recommendation                                                                        
  Screens not properly aligned                                                                                                                                                                                                                                                                      Standardize alignment                                                                    ++
  Screen grouping and--proportion looks odd                                                                                                                                                                                                                                                         Standardize grouping and proportion                                                      \+
  Small navigation buttons at the bottom of the screens                                                                                                                                                                                                                                             Adjust buttons to bigger size                                                            +++
  Buttons 'rest' and 'movement' are not the same size                                                                                                                                                                                                                                               Adjust buttons to equal size                                                             +++
  Pain intensity wheel must be more prominent and bigger                                                                                                                                                                                                                                            Pain wheel in separate screen                                                            +++
  Scale of the pain intensity wheel is not clear at a glance                                                                                                                                                                                                                                        Add information about the scale of the wheel                                             ++
  Too little distinction between the 11 faces scale                                                                                                                                                                                                                                                 Use the frequently used 6 faces scale                                                    ++
  Use of color and fonts is appropriate                                                                                                                                                                                                                                                             No recommendation                                                                        
  **Usability/Workflow**                                                                                                                                                                                                                                                                            **Recommendation**                                                                       **Rating**
  Easy                                                                                                                                                                                                                                                                                              No recommendation                                                                        
  User-friendly                                                                                                                                                                                                                                                                                     No recommendation                                                                        
  Simple and quick                                                                                                                                                                                                                                                                                  No recommendation                                                                        
  It is unclear that the pain intensity must be confirmed with separate button                                                                                                                                                                                                                      Add 'how to use' information                                                             ++
  Progress authentication process is not clear                                                                                                                                                                                                                                                      Add a waiting table                                                                      ++
  Not clear how many screens the app contains                                                                                                                                                                                                                                                       Add screen bullets                                                                       +++
  Going backward in the app is difficult                                                                                                                                                                                                                                                            Add 'how to use' information                                                             +++
  It is possible to accidently skip screens and questions                                                                                                                                                                                                                                           Add 'how to use' information                                                             ++
  **Content**                                                                                                                                                                                                                                                                                       **Recommendation**                                                                       **Rating**
  Pain intensity wheel is not clear                                                                                                                                                                                                                                                                 Highlight the chosen pain intensity                                                      ++
  Clear and relevant questions                                                                                                                                                                                                                                                                      No recommendation                                                                        
  Pain assessment questions: 'rest' and 'movement' are separate questions                                                                                                                                                                                                                           Reformulate: are you bothered by pain during: rest, coughing, movement, not at all?      +++
  Pain assessment question: term 'bearable pain'                                                                                                                                                                                                                                                    Reformulate into acceptable pain                                                         ++
  Pain assessment question: Do you need extra analgesia?                                                                                                                                                                                                                                            Reformulate: Should something be done about your pain?                                   +++
  Pain assessment question: Contact nurse?                                                                                                                                                                                                                                                          Reformulate: Should the nurse visit you?                                                 +++
  Patient have to go through all questions even when not in pain                                                                                                                                                                                                                                    Start assessment with: Are you in pain? If not no other questions are asked.             +++
  If the patient indicates that the pain is not bearable                                                                                                                                                                                                                                            Automatically notify a nurse                                                             ++
  Pain chart: no differentiation between pain at rest and during movement                                                                                                                                                                                                                           Add separate lines in the chart for different recordings                                 +++
  Pain chart: not informative enough                                                                                                                                                                                                                                                                Add date and time of the pain recordings and medication                                  +++
  Pain chart: axis is too small                                                                                                                                                                                                                                                                     Add a day chart and a week chart                                                         +++
  In-app feedback: not personalized                                                                                                                                                                                                                                                                 e.g. add patient name                                                                    +++
  In-app feedback: not informative                                                                                                                                                                                                                                                                  Tailor feedback to pain recording, medication, add normal references of other patients   +++
  In- app feedback: not clear what actions are to be expected                                                                                                                                                                                                                                       Add information: what actions can a patient expect, e.g. a nurse is notified.            +++
  In-app feedback: disappears too quick                                                                                                                                                                                                                                                             Adjust feedback time                                                                     +++
  **Additional comments**                                                                                                                                                                                                                                                                           **Stakeholder**                                                                          
  "Is the nurse or acute pain service informed when the patient records severe pain in his EPD? This might be a good idea."                                                                                                                                                                         Anesthetist                                                                              
  "Aren't you afraid that patients will manipulate or exaggerate their pain intensity scoring for quicker or better care?"                                                                                                                                                                          Pain nurse / Patient council member                                                      
  "It is important for nurses to recognize unbearable pain, but what to do when no extra analgesia is needed?"                                                                                                                                                                                      Pain nurse                                                                               
  "The usefulness of the Pain Chart for patients is questionable, too much focus on pain during admission."                                                                                                                                                                                         Anesthetist                                                                              
  "Add mean scores of other patients to the pain chart."                                                                                                                                                                                                                                            Patient council member                                                                   
  "Adding mean scores from other patients could provide information for the patient about the course of pain 'am I doing well or not'"                                                                                                                                                              Patient council member                                                                   
  "Adding mean scores from other patients to the pain chart is not appropriate and could cause a negative effect on the course of pain if the patients score is under the mean."                                                                                                                    Student software engineering / Anesthetist                                               
  "It is questionable what the added value is of an in-app pain chart for patients, they might become too focused on their pain. Adding mean scores from other patients is a bad idea because: focus on their pain, pain is a unique and individual experience, placebo but also nocebo effects."   Anesthetist                                                                              
  "The app must be available in more languages."                                                                                                                                                                                                                                                    Patient council member / Anesthetist                                                     

The items mentioned in the table were independently rated by three researchers to determine the importance and ease of customization: + indicates low importance and/or difficult to customize; ++ indicates moderate importance and/or not very difficult to customize; +++ highly important and/or easy to customize.

Secondary outcome {#sec013}
-----------------

Patients recorded 307 times their pain score with the app, while nurses recorded 396 times a NRS for pain. The median patient recorded pain app score was 4.0 (range 0 to 10), the median nurse recorded NRS for pain was 4.0 (range 0 to 9) (p = 0.06). The differences in pain recordings ranging from '0 to 4', '5 to 7' and '8 to 10' between patients and nurses were respectively 11% (p = 0.0024), 9% (p = 0.0096) and 2% (p = 0.27) ([Table 4](#pone.0232082.t004){ref-type="table"}). One hundred ninety seven patient pain app scores (64%) were rated as pain during rest. Patients asked 92 times (29%) for extra analgesia and 63 times (20%) for a nurse. One hundred thirty one patients pain app scores (42%) were ≥ 5, of these, 109 were still rated as bearable and only 55 times they asked for extra analgesia ([Table 5](#pone.0232082.t005){ref-type="table"}).

10.1371/journal.pone.0232082.t004

###### Differences in pain intensity recordings between patients and nurses.
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  Pain intensity   Patient recordings (307)   Nurse recordings (396)   Δ, Δ % (95%CI)        p (two-tailed)
  ---------------- -------------------------- ------------------------ --------------------- ----------------
  0--4             176 (57%)                  271 (68%)                95, 11% (3.8 to 18)   0.0024
  5--7             105 (34%)                  100 (25%)                5, 9% (2 to 16)       0.0096
  8--10            26 (8%)                    25 (6%)                  1, 2% (-2 to 7)       0.27

Data are expressed in numbers and percentages. P value of 0.05 is considered statistically significant.

10.1371/journal.pone.0232082.t005

###### Results in-app pain assessment questions.
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  Patient pain intensity   Bearable (yes)   Extra analgesia (yes)   Need for nurse (yes)   Pain at Rest
  ------------------------ ---------------- ----------------------- ---------------------- --------------
  0--4 (176)               165 (93%)        37 (21%)                23 (13%)               121 (69%)
  5--7 (105)               95 (90%)         38 (36%)                30 (29%)               63 (60%)
  8--10 (26)               14 (54%)         17 (65%)                10 (39%)               13 (50%)

Data are expressed in numbers and percentages.

Discussion {#sec014}
==========

We have developed and tested a smartphone application for patients to self-record their postoperative pain as a first step of implementing patient self-recorded postoperative pain. Our main objective was to collect patient and stakeholder critique on the usability of the application in order to develop a definitive version of the application. Our secondary objective was to compare the self-recorded pain scores of the patients with the NRS pain scores recorded by nurses.

Both patients and stakeholders agreed that the application was easy to use and that its simplicity and design fitted the purpose of pain recording. Moreover, patients were willing and motivated to record their pain with the application. The difference in median pain intensity scores between those recorded by patients with the app and recorded by nurses were not statistically significant, therefore self-registration of postoperative pain with a smartphone application seems a comparable method to nurse pain assessment.

Our findings are in accordance with the results of several studies that have shown that pain applications are well used and appreciated by patients \[[@pone.0232082.ref024]--[@pone.0232082.ref026]\]. However, in the present study two patients stated that they were too ill to use the application due to severe postoperative pain and severe nausea. This is an important finding because it might influence the postoperative pain outcome if only patients with minor to moderate pain who are not very ill are willing to use the application. It also emphasizes that even with upcoming eHealth developments the ward nurse still has a very important role in our patient care. This is confirmed by the statement of some of patients in this study who denied when they were asked if it would be beneficial to call for a nurse with the app. One patient stated that 'When I need a nurse immediately I'll use the button next to my bed'.

The results of our study comparing overall pain intensity scores between patients and nurses might prove that self-recording is reliable method for pain assessment. However, there are some differences, the percentage of pain scores ranging from '0 to 4' recorded by patients with the app was lower compared with the NRS recordings of the nurses (p = 0.0024). Moreover, the percentage of pain scores ranging from '5 to 7' recorded by patients with the app was higher compared with the NRS recordings of nurses (p = 0.0096) although these differences are probably not clinically relevant.

Although our findings are promising, patients and stakeholders suggested several important improvements to the application. One, to redesign the pain intensity wheel by giving it a color or an arrow indicating the severity of pain. Both patients and stakeholders reported that they experienced difficulties in selecting a pain score. It was not always clear whether they should rate their pain at rest or during movement. More importantly, the pain intensity wheel has not yet been validated in relation to VAS or NRS, which are currently considered the gold standards for pain assessment. Two, to add notifications to record pain as a red dot on the corner of the app. One patient recorded his pain only once, despite the fact that he was in the hospital for 5 days. The stated reason was that he had forgotten to record it. He said: 'I only watch the red notifications on the corners of the app icon. The notifications appeared as text messages and not as a red dot'. One of the professionals suggested adding a notification an hour after scoring a high pain score valued as unbearable or after the administration of medication. Three, to add more information to the in-app pain chart, such as pain at rest and during movement and a distinct time point of each pain score. The day to day pain intensity chart was added to provide patients their overview of the registered pain intensity scores. Most of the comments on the chart came from the interviews with the stakeholders they suggested that the chart might put too much focus on a patient's pain. This might result in aggravating behavior, when the pain does not decrease over time. Yet, the stakeholders suggested that it would be useful displaying analgesic medication in the application pain chart to show the patients the relation between medication (intervention) and their pain score. Four, to add more and clear personalized feedback messages in the app. Last, reformulate some of the in-app pain questions. For example: Are you in pain at rest or during movement? It might be better to start the pain assessment with the questions; 'Are you in pain?' followed by; 'How much pain do you have?' Then ask the patient if their pain is bearable and if they are bothered by their pain at rest, during breathing, during coughing, during movement or not bothered at all.

This study is not without limitations. First, the study was performed at two locations of OLVG Hospital in Amsterdam, which may not benefit the generalizability of the results. Second, only patients between 21 and 72 years old were included. However, the results of a study among 47 children and adolescents ranging from 9 to 18 years with cancer pain showed a high compliance rate and satisfaction ratings during a clinical feasibility test of a pain assessment smartphone application \[[@pone.0232082.ref026]\]. In addition, national survey's on the public adherence of mobile phones indicate that even the majority of elderly are in possession of a smartphone \[[@pone.0232082.ref030], [@pone.0232082.ref031]\]. That, unfortunately, does not prove that these elderly are able to use it during their hospital stay. In addition, patients who are too ill or in severe acute pain will be reluctant to use the application as we saw from our own data. Postoperative pain assessment performed by a nurse at regular intervals will therefore be a prerequisite. Third, we also acknowledge that the present study only included patients with a relatively short hospital stay.

The validity of the application in non-surgical patient populations still needs to be determined. This study is a first step in the process of developing an evidence-based smartphone application for pain recording. Real-time patient data, recorded with a smartphone, seems a promising method in better understanding the course of pain and pain management \[[@pone.0232082.ref032]\]. Currently there is an increase in the number of medical smartphone applications brought to the market without proper testing and scientific evaluation \[[@pone.0232082.ref023], [@pone.0232082.ref033]\]. Only few medical smartphone applications are designed with a value sensitive approach. As shown in other medical fields, in which new technology is being developed, value sensitive design seems to provide a workable basis to facilitate patient and healthcare profession values and integrate them into the final design \[[@pone.0232082.ref034]\]. Furthermore, it is still unclear what changes we have to expect in postoperative pain outcomes and how daily routine of nurses and doctors will change under the implementation of patients self-recording pain on a larger scale.

The process of designing and testing of the application is still ongoing. Version 2.0 of the application is currently in development in accordance with patients' and stakeholders' comments obtained with this study. Much work still needs to be done to thoroughly adjust and examine the psychometric features of the app's 11-point numeric and faces pain scale and validate it against VAS and NRS. Furthermore, we suggest that it is important to use the application to 'close the loop' in pain assessment and treatment. In the new version of the application we added the question: 'Should something be done about your pain?' If the patient answers 'yes', a comment for the nurses to discuss the pain appears in the patient electronic medical record. Really closing the loop between patients and nurses so that the patient is able to contact or warn the nurse with the application does require a technical IT solution which to date has not yet been realized.

In addition, we established a consortium of Dutch hospitals to study the possibilities of patient reported postoperative outcomes with a smartphone application for postoperative pain management and to be able to compare the anesthesia practices in different hospitals nationwide.

Conclusions {#sec015}
===========

The results of our study suggest that a smartphone application for self-recording postoperative pain by hospitalized patients is a user-friendly method with a high satisfaction rate for the majority of patients and stakeholders and that it could provide an outcome comparable to nurses pain assessment.

Supporting information {#sec016}
======================
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5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: This is a study of a smart phone application for inpatient acute pain management. The authors show reasonable concordance with the phone app and nurses assessment.

In the future including the question, do you need additional pain medication could close the loop in assessment and treatments.

Major point:

As the authors note, ...record their pain by answering the following question 'are you in pain: at rest or during movement?' Furthermore, they could define the severity of pain on a scale from 0 (no pain) to 10 (worst imaginable pain)....

There is typically a large difference between pain at rest and pain with activities. Depending upon the surgery, a VAS or NRS of 4 or more points. ..."It was not always clear whether they should rate their pain at rest or during movement..." The same may apply to the nurses assessments.

This is a significant limitation of the study.

Other points:

Introduction: "the patient's valuation possibly leads to analgesic over-administration and may even contribute to opioid addiction which is a major problem in health care." We have not yet established short term inpatient opioid use causing opioid addiction. There are some associations but this is not yet established.

Reviewer \#2: This manuscript describes a mixed methods study of the use and usability of a pain measurement application for cellular phones with Android operating systems. The manuscript is unclear on numerous occasions throughout and the methods have several serious flaws. The introduction needs to clearly identify the unique feature/s of the app or the study's methods to support the importance of the work. The introduction needs to clearly identify the weaknesses of common post-operative pain measures and measurement methods that are likely to be specifically addressed by the app. What reasons for not participating were given by the 31 patients who declined to enroll? The methods describe that patients were not permitted to use their cell phones until their self-reported pain ratings were 4 or lower on a 0-10 pain scale. This methodology restricted the range of patients' ratings using the app. The results need to provide descriptive statistics -- including minimum and maximum - for the number of ratings provided per patient before questionnaire completion. Some patients did not stay for an entire day in the hospital so it is possible they had very little experience using the app before completing the survey about the app. Patients' and nurses' pain ratings were provided asynchronously so it does not make sense to test their agreement. In addition, why did the researchers choose to use nurses' documented pain ratings as comparators to patients' app ratings after they described how nurses alter patients' self-reported pain ratings in the introduction? Regardless, nurse and patient agreement would be best compared by Bland Altman analyses with two groups of patients -- one with the app and one with investigator recorded verbal pain ratings. The app uses an 11-level faces pain scale. The manuscript provides no reference for the reliability and validity of this faces pain scale. The methods provide little detail on the procedure for interviewing the healthcare professionals. For example, were they interviewed individually or in groups? It appears they were asked to examine the app at the start of the interview. Was this examination meant to be comparable to patients' experiences actually using the app? Rationales for the results focus on the times of pain ratings and division of results by patient cohorts were not provided.

Minor Concerns

• Manuscript needs to clarify the terms "pain intensity slider" and "pain chart" early

• Abstract needs to clarify how patients' and nurses' pain ratings were "comparable"

• The terms "benchmark" and "benchmarking" appear throughout the manuscript without clear meaning

• The meanings of "back-office system of Logicapps," "ease of customization," "CE certificate," and "validation questions" need to be provided

• Correct "a CE certificate for was not necessary..."

• The purpose of the references provided after the sentences describing sample size are unclear

• Throughout the manuscript, pain ratings are categorized (e.g., "considerable") without any reference supporting the categorizations

• Are "bearable" and "acceptable" meant to be the same category of pain ratings?

• Are the "stakeholders" and "experts" also the "healthcare professionals"? Manuscript states "patients and stakeholders" and "patients and experts." Participants, who were patient advisors, should not be described as "healthcare professionals" unless they were also licensed healthcare professionals.

• Correct "from the patients ands experts," "chart does not," "patients (green) record"

• The figures show the app asked if patients wanted additional medication, but they did show the app asking if the patients wanted nursing assistance as was stated in the manuscript

• Need to adhere to a guideline for reporting qualitative methods such as O'Brien et al. (2014) in addition to the STROBE guideline

• Manuscript refers to the reliability of the app, but the reliability of the app was not examined in the manuscript

• Correct "Although the healthcare professionals suggested displaying analgesic medication, in the in-app pain intensity chart as well"

• All the figures need to be in English

\*\*\*\*\*\*\*\*\*\*
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Title: Patient reported postoperative pain with a smartphone application: a proof of concept

Date: October 6th 2019

Dear Editorial Board, Dear Erik Loeffen,

On behalf of all authors who contributed to this manuscript I thank you for the opportunity to submit a revised version. We thank the editor and both reviewers for their valuable remarks and comments. In this rebuttal letter we will address all comments separately. We would also like to mention that the tables and reference list are only correct in the clean version copy, as we made changes to it which could not adequately be processed in the track changes version.

Editorial comments:

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io.

A summary of the study protocol is published in the Dutch trail register www.trialregister.nl. The Nederlands Trial Register (NTR) is a publicly accessible and freely searchable register in which current prospective studies run in the Netherlands or that are carried out by Dutch researchers. The study registration number is: NL6565. We added the following sentences to the manuscript: "The study is registered with a summary of the study protocol in de Dutch Trial Register (Nederlands Trial Register) with number NL6565", accompanied with the NTR website URL in the reference list. We think this provides enough information for researchers who are interested in the protocol and the study method.

When submitting your revision, we need you to address these additional requirements (point 1).

We corrected and renamed the files for figures, tables and supplemental materials.

Please include additional information regarding the survey or questionnaire used in the study and ensure that you have provided sufficient details that others could replicate the analyses. For instance, if you developed a questionnaire as part of this study and it is not under a copyright more restrictive than CC-BY, please include copies, in both the original language and English, as Supporting Information (point 2).

The survey is not under a copyright. We derived questions and answer options from the study of Reynoldson et al 2014 and translated them into Dutch 1. This has already been mentioned in the original manuscript (page 8). The survey is uploaded as a Supporting Information file in Dutch (original language) and English.

Please note that PLOS ONE has specific guidelines on software sharing for manuscripts whose main purpose is the description of a new software or software package. In this case, new software must conform to the Open Source Definition and be deposited in an open software archive (point 3).

We understand the importance of sharing software. The objective of our study is to collect patient and stakeholder recommendations to improve the prototype pain application and to evaluate if patient self-reporting with an application is a workable method for postoperative pain management. We have no intentions to study and specify the technical background of the application. The application is tailored for OLVG hospital. The 'source code' of the application cannot be made publicly because of security and the risk of abuse by third parties.

Thank you for stating the following in the Competing Interests section: \"I have read the journal\'s policy and the authors of this manuscript have the following competing interests: Rover A.A.M. van Mierlo is employee at Logicapps Inc. the company that built the application commissioned by OLVG. OLVG and Logicapps have no commercial interest in the application. The application is available free of charge for patients. \"

Please confirm that this does not alter your adherence to all PLOS ONE policies on sharing data and materials, by including the following statement: \"This does not alter our adherence to PLOS ONE policies on sharing data and materials." (as detailed online in our guide for authors <http://journals.plos.org/plosone/s/competing-interests>). If there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

Please include your updated Competing Interests statement in your cover letter; we will change the online submission form on your behalf (point 4).

We confirm the following statement 'This does not alter our adherence to PLOS ONE policies on sharing data and materials' and added it to the new cover letter. We are very grateful if you change the online submission form on our behalf as you suggested. Furthermore, it was never our intention not to be transparent about the CoI. Removing the author seemed the best option to make the submission possible and was done at the insistence of Van Mierlo himself. We kept Van Mierlo listed as author without omitting the clarity of his competing interests.

In your Data Availability statement, you have not specified where the minimal data set underlying the results described in your manuscript can be found. PLOS defines a study\'s minimal data set as the underlying data used to reach the conclusions drawn in the manuscript and any additional data required to replicate the reported study findings in their entirety. All PLOS journals require that the minimal data set be made fully available (point 5).

We uploaded the study's minimal underlying data set as a Supporting Information file.

Reviewer comments:

Reviewer \#1: In the future including the question, do you need additional pain medication? Could close the loop in assessment and treatments.

We agree with reviewer \#1 that it is important to close the loop in pain assessments and treatments. In the version of the application that we are currently working on we added a similar question: 'Should something be done about your pain?' The formulation of this question is based on semantic arguments. Using the terms 'additional pain medication' could give the expectation to patients that pain medication always is an option and available. In reality, there are also other interventions such as, psychological support, posture and exercise advice, and applying heat and comfort. Closing the loop between patients and nurses does require in a technical solution so that the patient can contact or warn the nurse with the application this does require a technical solution which is not yet provided.

Reviewer \#1: As the authors note...record their pain by answering the following question 'are you in pain; at rest or during movement? Furthermore, they could define the severity of pain on a scale from 0 (no pain) to 10 (worst imaginable pain)...There is typically a large difference between pain at rest and pain with activities. Depending upon the surgery, a VAS or NRS of 4 or more points...´It was not always clear whether they should rate their pain at rest or during movement...´The same may apply to the nurses' assessments.

To reviewer \#1 this appears to be a limitation of the study but we see it is as a result from the study which we possibly have not clarified enough. This study was performed to collect patient and stakeholder comments to improve the application. One of the results is that patients are confused about whether they rate their pain in rest or during movement. One of the improvements of the new 2.0 version of the app is that it starts with the question 'are you in pain?' This is mentioned on page 19 of the manuscript.

Reviewer \#1: ''the patient's valuation possibly leads to analgesic over-administration and may even contribute to opioid addiction which is a major problem in health care.'' We have not yet established short term inpatient opioid use causing addiction. There are some associations but this is not yet established.

We agree with reviewer \#1 on this point and have revised this section of the manuscript.

Reviewer\#2: The introduction needs to clearly identify the weaknesses of common post-operative pain measures and measurement methods that are likely to be specifically addressed by the app.

We have revised the introduction on several points.

Reviewer\#2: What reasons for not participating were given by the 31 patients who declined to enrol?

According to Dutch legislation (Medical Research act). Patients can refuse to participate in medical research without giving reasons. Furthermore, if a patient refuses to participate, it is not allowed to document stated reasons and publish these. We do very much see the relevance for this manuscript in elucidating any potential (selection) bias but we regret we cannot and may not share the relevant data if we could.

Reviewer\#2: The methods describe that patients were not permitted to use their cell phones until their self-reported ratings were 4 or lower on a 0-10 pain scale.

This is not correct, as already stated in the manuscript.'After surgery patients were discharged from the postoperative anesthesia care unit (PACU) under the condition that their pain was 'acceptable' with a numerical rating scale (NRS) lower or equal to 4. Back on the nursing ward, patients could start using the application unrestricted to self-report on their postoperative pain'.

Reviewer\#2: The results need to provide descriptive statistics-including minimum and maximum -- for the number of ratings provided per patient before questionnaire completion. Some patients did not stay for an entire day in the hospital so it is possible they had very little experience using the app before completing the survey about the app.

We agree with reviewer\#2 that this provides a better insight into how long the patient has actually used the application. Unfortunately we have not asked patients to provide the questionnaire with data and time. The patient questionnaires were collected by one of the researchers on the day of discharge.

Reviewer\#2: Patients' and nurses' pain ratings were provided asynchronously so it does not make sense to test their agreement. In addition, why did the researchers choose to use nurses' documented pain ratings as comparators to patients' app ratings after they described how nurses alter patients' self-reported pain ratings in the introduction?

The statistical analysis for comparing the differences in patient and nurse pain recordings is done with non-parametric testing using Mann Whitney U test as stated in the manuscript. As reviewer\#2 already concluded the pain ratings were provided asynchronously so we did not test for agreement. The Argument for using nurse pain recordings to compare with is that there is no other alternative; nurse pain recordings are still the gold standard for post-operative pain assessment

Reviewer\#2: regardless, nurse and patient agreement would be best compared by Bland Altman analysis with two groups of patients -- one with the app and one with investigator recorded verbal pain ratings.

We are not sure if we understand this comment. Bland-Altman analysis is the quantification of the agreement between two quantitative methods by studying the mean difference and constructing limits of agreement under the condition that both methods are designed to measure the same parameter and that measurements are taken on the same time point 2. Separate patient groups as suggested by reviewer\#2 is in our opinion not possible.

Reviewer\#2: The app uses an 11-level faces pain scale. The manuscript provides no reference for the reliability and validity of this faces pain scale.

The facial expression is added to the numerical rating scale to clarify the meaning of the numbers and the direction of the scale from 0 (no pain at all) to 10 (worst pain imaginable). The two scales are thus provided jointly. As we often see when we only use numerical rating scale many patients use the scale in reverse to rate their pain, as if to rate achievements and experiences with a number on a scale from 0 to 10, with 10 as the best positive result. We have added the following to the manuscript 'The NRS was also equipped with an 11-face pain scale to clarify- and indicate the direction of the NRS. The use of an 11-face pain scale seems appropriate for measuring acute postoperative pain in adult patients as was shown in a study amongst orthopaedic surgical patients' Provided with a suitable reference.

Reviewer\#2: The methods provide little detail on the procedure for interviewing the healthcare professionals. For example, were they interviewed individually or in groups? It appears they were asked to examine the app at the start of the interview. Was this examination meant to be comparable to patients' experiences actually using the app?

The stakeholders were interviewed individually. Indeed, they were asked to examine the application before the start of the interview. This was not meant to be comparable to patients' experiences who could actually use the application for the time being admitted to hospital. We revised the methods section of the manuscript to provide more clarity.

Reviewer\#2: Rationales for the result focus on the times of pain ratings and division of the results by patient were not provided. We agree with reviewer\#2 that the manuscript provides no clarity about the rationales for the secondary objectives. The secondary objective was to investigate if patient self-recording compared to nurse-led assessment is a suitable method for postoperative pain management. We have adjusted the abstract, introduction and materials and methods to explain our rationales better.

Reviewer\#2: Manuscript needs to clarify the terms "pain intensity slider" and "pain chart" early.

We corrected 'pain intensity slider' into 'Numerical Rating Scale' throughout the manuscript to provide more clarity. The in-app pain chart was already explained in the methods section with an accompanying image. We have not adjusted this.

Reviewer\#2: Abstract needs to clarify how patients' and nurses' pain ratings were "comparable".

We adjusted the abstract with the following sentence: The results suggest that the overall median pain intensity scores from patients recorded with a smartphone application compared with pain scores recorded by nurses' show no statistical significant difference and therefore could be used for postoperative pain management.

Reviewer\#2: The terms "benchmark" and "benchmarking" appear throughout the manuscript without clear meaning.

We have corrected the terms "benchmark" and "benchmarking" throughout the manuscript with appropriate reformulation.

Reviewer\#2: The meanings of "back-office system of Logicapps," "ease of customization," "CE certificate," and "validation questions" need to be provided.

We corrected 'back-office system' into 'data server'. We corrected validation questions into 'in-app pain assessment questions'. We corrected "ease of customization" into "ease of adjustment"

We explained 'CE certificate' in the manuscript as Conformite European certificate (CE certificate) this is a certificate to indicate conformity with health, safety and environmental protection standards for products used and sold within the European Economic Area (EEA) such a certificate is not mandated during development and research of a smartphone application.

Reviewer\#2: Correct "a CE certificate for was not necessary..."

We added Conformite European certificate (CE certificate) and corrected the sentence.

We thank reviewer\#2 for the comments: The purpose of the references provided after the sentences describing sample size are unclear. In this reference the theory behind the methods used to estimate the sample size are explained

Reviewer\#2: Throughout the manuscript, pain ratings are categorized (e.g., "considerable") without any reference supporting the categorizations In the patient questionnaire we have used the following categorization; "no pain" , "little pain", "bearable pain", "considerable pain", "severe pain". This was meant as a verbal rating scale for patients to value their overall experienced pain during the post surgical admission. The original Dutch terms used in the questionnaire are derived from the studies of Breivik et al 2008 3 and Jensen et al 2011 4. Currently there is no validated verbal rating scale for Dutch language available. We have stated this in the outcomes section of the revised manuscript.

Reviewer\#2: Are "bearable" and "acceptable" meant to be the same category of pain ratings?

We exchanged 'acceptable' throughout the manuscript in 'bearable' in accordance with the request in the application and patient questionnaire.

Reviewer\#2: Are the "stakeholders" and "experts" also the "healthcare professionals"? Manuscript states "patients and stakeholders" and "patients and experts." Participants, who were patient advisors, should not be described as "healthcare professionals" unless they were also licensed healthcare professionals.

We corrected 'healthcare professionals' throughout the manuscript into 'stakeholders' and explained the composition of this group in the abstract and methods section.

Reviewer\#2: correct "from the patients and experts," "chart does not," "patients (green) record".

We corrected these sentences in the manuscript.

Reviewer\#2: The figures show the app asked if patients wanted additional medication, but they did show the app asking if the patients wanted nursing assistance as was stated in the manuscript.

We are not sure if we understand this comment all screens of the application are uploaded as a figure. Possibly due to the Dutch language used in de figures there might be some misinterpretation, for the revised manuscript we translated all figures into English.

Reviewer\#2: Need to adhere to a guideline for reporting qualitative methods such as O'Brien et al. (2014) in addition to the STROBE guideline.

We agree with reviewer\#2 that the suggested reference provides a useful checklist for reporting. We used it as a final check before submitting the revised version of the manuscript, Furthermore, we added the following to the manuscript 'the study results are reported according to the Strengthening the reporting of observational studies in epidemiology (STROBE) guideline for observational studies and Standards for reporting qualitative research (SRQR)'. O'Brien et al 2014 5 has been added to the manuscript reference list.

Reviewer\#2: Manuscript refers to the reliability of the app, but the reliability of the app was not examined in the manuscript.

We agree with reviewer\#2, we did not test for reliability. We have changed the terms reliable and reliability into 'comparable' in several sections of the manuscript

Reviewer\#2: correct "Although the healthcare professionals suggested displaying analgesic medication, in the in-app pain intensity chart as well"

We corrected this sentence into: 'Yet, the stakeholders suggested that it would be useful displaying analgesic medication in the application pain chart to provide patients more information about their treatment'.

Reviewer\#2: All the figures need to be in English.

We translated all figures to English where this was not sufficiently done so.
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Patient reported postoperative pain with a smartphone application: a proof of concept

PLOS ONE

Dear Thiel,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

==============================

Since the previous two reviewers were quite critical of the original manuscript, but unable to review your revisions, I've invited an additional reviewer to examine the manuscript. This reviewer noted several remaining major issues with the manuscript and with the revisions made in response to the previous review. I fully agree with the sensible and important comments from this reviewer. Based on the review, I've decided that the manuscript still needs to be thoroughly improved (major revision) to be considered for publication.

Should you decide to submit a revision, please carefully address all the issues raised by the reviewer in your response letter and make the required changes in the manuscript.

In addition, please pay particular attention to and thoroughly check the accuracy of all statistics throughout the entire manuscript. The reviewer already pointed out several errors or inconsistencies between the abstract and the manuscript body. I also noted a potential error with the numbers in the abstract. For instance, in the abstract you described that "...Two patients (1%) were ...", whereas this percentage should probably be 4% considering the sample of 50 patients. Finally, make sure that the track changes and clean version match exactly as there appear to be several discrepancies between both in the current versions, which hinders a careful review process.

==============================

We would appreciate receiving your revised manuscript by Feb 01 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Peter M ten Klooster, Ph.D.

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#3: Partly

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#3: No

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#3: No

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#3: Thank you for the opportunity to review this interesting paper on using a smartphone to assess pain post operatively. Unfortunately, even though it has been revised, I find a couple major problems and many minor issues with this manuscript, most of which were not mentioned by the previous reviewers.

1\. The revisions to the manuscript have added the label of NRS or Numerical Rating Scale to describe the app pain scale used. This is just not accurate. The Numerical Rating Scale is not just using the numbers 0-10 to describe pain. It should include these numbers along a line, with the whole line visible at once. Often there are anchor words at either end. The app, as shown in Figure 1, does not do this. I assume a line with number is what is used by the nurse. If instead the nurse used some other form of the numbers or it was purely verbal, it would be good to add this to the manuscript. Your Kim et al 2012 citation from the Journal of Palliative Care clearly shows a line with numbers scale where you can see the whole line at once. Your first citation, for the NRS, Breivik et al. 2008 from BJA also shows a line with number for the NRS.

Please refrain from referring to the app scale as the NRS. Much work has been done to validate the proper NRS as a good pain scale. Is there any scientific evidence of this wheel scale (where you can only see a few numbers at once and the faces seem to be the focus) being consistent and valid as a pain scale? What was the starting position of the wheel? Was it 0, 5, or 10? This needs to be well explained or cited within the paper.

As seen though in Table 3, but not really touched on in the discussion, there is a moderately important comment from the stakeholders that the 11 faces look too similar and that the frequently used 6 face scale should be used. Yes, exactly, this is most likely referring to the Faces Pain Scale - Revised. Now, I understand you are using a new 11-faces pain scale to match the 11 numerical values. Amazingly, the paper that you cite for this, Van Giang et. al 2015 in Pain Management Nursing does not have an image of the scale. The original 11-face FPS paper, cited in that paper as Kim and Buschmann, 2016 in International Journal of Nursing Studies has 11 faces that appear to have more detail and look different than the very simple faces you used. Where did your faces come from? Were they designed by you for this app? That is not implied by your text. It would be best to use existing scales in the app to rely on some existing scientific evidence. Additionally, there is lots of good and critical feedback in Table 3 that can be used to improve your app. Perhaps once that is done, you can do a better test with it.

2\. Leading from the above point, the second major problem is that the secondary objective is completely mixed up with the primary objective. That is, comparing the pain scores from this app with the nurse scores is not really meaningful, if you are now going to make large adjustments on the app - thus one of the two things you are comparing is disappearing (being greatly altered) in the future. If you are going to change the pain scale, which you should, then the comparison is not meaningful. I would suggest removing this secondary objective.

I also found the secondary objective results confusing, as you say that the patient and nurse scores are similar enough that one could substitute for the other (based on no significant difference in the medians) but then dive into the details of how certain ranges on the scales are significantly different.

Minor issues:

I\'m not sure how relevant these below points will be given the major issues, but I have included them anyway. I understand that it can be quite an exercise to attempt to publish this work in English when it was all done in Dutch, but please take more care in the future to have the manuscript carefully looked through internally before you submit.

3\. Please double check your numbers for the results. You have an error for the same number in the abstract and the manuscript body, assuming your table is correct. In the abstract

\"'severe': 24 (28%).\" should be \"'severe': 14 (28%).\"

In the body:

\"and 30 (28%) valued their pain as considerable to severe\" should be \"and 14 (28%) valued their pain as considerable to severe\"

4\. Please be clearer about where (and how many places) the study took place. You currently have:

\"study was conducted in a Dutch general hospital situated at two locations in Amsterdam, the Netherlands\"

Ok\...so this is two locations of the same hospital? Or is this two areas of one hospital? In the discussion (limitations paragraph) you have:

\"the study was performed in a single center setting\"

5\. Some typos/grammar problems in the manuscript:

Participants and recruitment:

\"\...provided them instructions how to use the application\...\" should be:

\"\...provided them instructions on how to use the application\...\"

\"\...A patient sample size of 50 patients was, based on sample size calculation for qualitative studies, was estimated\...\" should be:

\"\...A patient sample size of 50 patients, based on sample size calculation for qualitative studies, was estimated\...\"

Figure 4: \"adndroid\" and \"particoipate\".

Discussion:

\"under the implementation of patients self-recording pain on a lager scale.\"

should be:

\"under the implementation of patients self-recording pain on a larger scale.\"

\"If a patient answer is yes, a comment for the nurses to discus the pain appears in the patient electronic medical record.\"

Should be:

\"If a patient answer is yes, a comment for the nurses to discuss the pain appears in the patient electronic medical record.\"

Conclusion:

\"\...high satisfaction rate for the majority of patients stakeholders and that it provides outcome comparable to nurses pain assessment\"

Should be:

\"\...high satisfaction rate for the majority of patients stakeholders and that it provides an outcome comparable to nurses pain assessment.\"

6\. Patients were notified three times daily to assess their pain. At what times? Was it different per patient based on when they started or at the same time for all patients?

7\. This phrasing is confusing:

\"We determined the following items from the literature: design, usability, content, and workflow indexing the feedback from the patients and stakeholders\"

I think you mean to say that you grouped feedback into these themes or categories, as has been done before (by cited papers).

8\. How come the percentages in the rows of Table 2 all add up to different amounts (below 100)? Do these represent patients who did not reply to these questions? You have the brackets wrong in the cell that\'s in the 10th row and 3rd column.

9\. Part of the Discussion reads:

\"the number of pain scores ranging from NRS '0 to 4' and NRS '5 to 7' recorded by patients were statistically significant higher compared with the recordings of nurses (p 0.0024, p 0.0096)\"

This is not really written correctly. You should say \"the percentage\" not \"the number\" and the \'0 to 4\' range was lower while the \'5 to 7\' range was higher than when recorded by nurses, not both higher.

10\. Reviewer \#2 has a good point, that \"The results need to provide descriptive statistics-including minimum and maximum -- for the number of ratings provided per patient before questionnaire completion\". I do not understand your response. The reviewer is referring to statistics summarizing the number of ratings per participant using the app. By \"questionnaire\" in your response do you mean the app ratings or the end questionnaire? Either you are saying that the data in the app does not have time stamp (which can\'t be true since you provide an in-app graph of ratings over time) or perhaps you are saying the questionnaire was completed before the actual end use of the app\...ie. patients used the app even after the questionnaire. This second possibility would be quite odd, but regardless you could summarize the total number of ratings done by each patient.

11\. Later Reviewer \#2 also asks \"For example, were they interviewed individually or in groups?\". You should put the answer to this question into your actual manuscript as it is an important point.

12\. Finally, I see that you said \"We would also like to mention that the tables and reference list are only correct in the clean version copy, as we made changes to it which could not adequately be processed in the track changes version.\"

Unfortunately, in the regular body of the manuscript (not in tables and references) there are a number of difference between the tracked version and the cleaned version. It seems some things were adjusted in both separately. This makes it difficult to review. Some examples are on lines 170-171, 315, 352-353.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Rebuttal letter: PONE-D-19-17106R1

Title: Patient reported postoperative pain with a smartphone application: a proof of concept

Date: January 31st 2020

Dear Editorial Board, Dear Peter ten Klooster,

On behalf of all authors who contributed to this manuscript I thank you for the opportunity to submit a revised version. We are grateful to the editor and the reviewer for their valuable comments and suggestions for improvement. Below we address each comment separately.

Editorial comments:

Please pay particular attention to and thoroughly check the accuracy of all statistics throughout the entire manuscript. The reviewer already pointed out several errors or inconsistencies between the abstract and the manuscript body. I also noted a potential error with the numbers in the abstract. For instance, in the abstract you described that "...Two patients (1%) were ...", whereas this percentage should probably be 4% considering the sample of 50 patients.

The editor and the reviewer identified several inconsistencies in the descriptive statistics. We performed a thorough check of all descriptives in the abstract and the body of the manuscript. We found inconsistencies in the abstract, the body of the manuscript and table 2 and corrected these. From the abstract we have removed the following 'Experienced pain after surgery was scored by patients as 'no to mild': 8 (16%), 'bearable': 25 (50%) and 'considerable' or 'severe': 24 (28%) (track changes lines 36-37).

In the body of the manuscript we corrected the following in line with table 2 'The overall experienced postoperative pain was valued as no pain by 3 patients (6%), or little pain in 5 patients (10%), 25 patients (50%) valued their pain as bearable and 13 (26%) valued their pain as considerable. One patient (2%) experienced severe pain' (track changes lines 239-242).

In table 2 we have corrected the cell in row 12, column 3 from: 24 (48%) in 23 (46%). Thereby we also corrected this sentence from the results section: 'The in-app pain intensity chart was valued as (very) useful by 41 patients (82%) in 'The in-app pain intensity chart was valued as (very) useful by 40 patients (80%)' (track changes lines 247-248).

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io

As already mentioned in the previous rebuttal letter a summary of the study protocol is published in the Dutch trial register (www.trialregister.nl). The Dutch trial register is a publicly accessible and freely searchable register for prospective studies run in the Netherlands or that are carried out by Dutch researchers. The study registration number is: NL6565 (track changes lines 91-93).

Reviewer comments:

1.The revisions to the manuscript have added the label of NRS or Numerical Rating Scale to describe the app pain scale used. This is just not accurate. The Numerical Rating Scale is not just using the numbers 0-10 to describe pain. It should include these numbers along a line, with the whole line visible at once. Often there are anchor words at either end. The app, as shown in Figure 1, does not do this. I assume a line with number is what is used by the nurse. If instead the nurse used some other form of the numbers or it was purely verbal, it would be good to add this to the manuscript. Your Kim et al 2012 citation from the Journal of Palliative Care clearly shows a line with numbers scale where you can see the whole line at once. Your first citation, for the NRS, Breivik et al. 2008 from BJA also shows a line with number for the NRS.

Please refrain from referring to the app scale as the NRS. Much work has been done to validate the proper NRS as a good pain scale. Is there any scientific evidence of this wheel scale (where you can only see a few numbers at once and the faces seem to be the focus) being consistent and valid as a pain scale? What was the starting position of the wheel? Was it 0, 5, or 10? This needs to be well explained or cited within the paper.

We agree with the reviewer that referring to the pain app scale as numerical rating scale (NRS) is not appropriate. Indeed Breivik et al. 2008 shows a line with numbers for the NRS but they also mention in their paper 'An NRS with numbers from 0 to 10 ('no pain' to 'worst pain imaginable') is more practical than a VAS, easier to understand for most people, and does not need clear vision, dexterity, paper, and pen. One can even determine the intensity of pain accurately using telephone interview, a computerized telephone interview, and recording of NRS data by the patient directly into the database of a computer via the telephone keyboard' this is why we chose to refer to the pain app scale as NRS. In the manuscript we now use the neutral term 'pain app scale' and have corrected this throughout the manuscript.

The nurses in OLVG hospital routinely assess postoperative pain verbally by asking patients to indicate the severity of their pain with a number from 0 to 10, which is common practice in most Dutch hospitals. This is now mentioned in the manuscript : 'Moreover, postoperative pain intensity was regularly verbally assessed on a scale from 0 (no pain) to 10 (worst imaginable pain) by ward nurses at least once every eight hours and thereafter recorded in the patient's electronic medical record (EMR). This method of pain assessment is common practice in most Dutch hospitals and commonly referred to as 'numerical rating scale' (track changes lines 127-132). The starting position of the wheel was default set at 5, this in now mentioned in the manuscript: 'The default starting position of the wheel was set at 5 and the wheel was provided with text anchors at both ends of the scale referring to no pain (0) and worst imaginable pain (10)' (track changes lines 145-147).

As seen though in Table 3, but not really touched on in the discussion, there is a moderately important comment from the stakeholders that the 11 faces look too similar and that the frequently used 6 face scale should be used. Yes, exactly, this is most likely referring to the Faces Pain Scale - Revised. Now, I understand you are using a new 11-faces pain scale to match the 11 numerical values. Amazingly, the paper that you cite for this, Van Giang et. al 2015 in Pain Management Nursing does not have an image of the scale. The original 11-face FPS paper, cited in that paper as Kim and Buschmann, 2016 in International Journal of Nursing Studies has 11 faces that appear to have more detail and look different than the very simple faces you used. Where did your faces come from? Were they designed by you for this app? That is not implied by your text. It would be best to use existing scales in the app to rely on some existing scientific evidence. Additionally, there is lots of good and critical feedback in Table 3 that can be used to improve your app. Perhaps once that is done, you can do a better test with it.

We agree with the comments from the reviewer on both the pain scale and faces scale used the smartphone application. Both the pain scale and 11-faces scale were designed for this application. The faces scale used in the application was designed to fit with the 11 point numerical scale and was based on the 6 faces scale recommended by the 2015 pain guideline from the Dutch college of General Practitioners. This is now mentioned in the manuscript with reference (track changes lines 149-151). We disagree that it is not useful to test with both the pain scale and faces scale in this phase of developing an application. It is very important early in the design of eHealth tools to use end-user feedback to further improve the application one of the objectives of the study.

We agree that the used pain scale and 11-faces scale are not validated yet. We now mention this in the abstract and manuscript body 'Further research is needed to validate in-app pain scale and the 11-faces scale with the current gold standard VAS and NRS for pain' (track changes lines 48-49) 'More importantly, the pain intensity wheel has not yet been validated in relation to VAS or NRS, which are currently considered the gold standard for pain assessment (track changes lines 356-358) 'Much work still needs to be done to thoroughly adjust and examine the psychometric features of the in-app pain intensity wheel and validate it against VAS and NRS' (track changes lines 404-406).

2\. Leading from the above point, the second major problem is that the secondary objective is completely mixed up with the primary objective. That is, comparing the pain scores from this app with the nurse scores is not really meaningful, if you are now going to make large adjustments on the app - thus one of the two things you are comparing is disappearing (being greatly altered) in the future. If you are going to change the pain scale, which you should, then the comparison is not meaningful. I would suggest removing this secondary objective.

We understand the reviewer on this point but we do not fully agree and we believe we have valid arguments to underpin this; the objective of this study is to collect data for improvement of the application and to see if patient self-recording of postoperative pain with a smartphone application could be used for postoperative pain management. We believe it is appropriate, even necessary, in this early stage of developing a smartphone application, to assess the agreement between patient-recorded and nurse-recorded pain scores, to better understand what is needed to improve and validate the used pain scale and faces scale.

I also found the secondary objective results confusing, as you say that the patient and nurse scores are similar enough that one could substitute for the other (based on no significant difference in the medians) but then dive into the details of how certain ranges on the scales are significantly different.

We agree with the reviewer that the results of the secondary objectives might confuse the reader. Therefore we have decided to remove the following paragraphs (including figure 5) from the manuscript to provide more clarity:

'Patients record their pain more widely distributed throughout day and night (Figure 5). Nurses record pain mainly during their daily rounds, at 9:00, 12:00, and 18:00 and between 21:00 and 22:00. During the night, from 0:00 to 3:00, patients recorded pain 20 times and nurses recorded pain 4 times, respectively with median NRS 5 (range 1 to 9) and median NRS 6.5 (range 3 to 7) with a difference of 1.5 (p = 0.723). During the night, from 0:00 to 8:00, patients recorded their pain 54 times and nurses recorded pain 57 times, respectively with median NRS 5 (0 to 9) and median NRS 3 (0 to 8) with a difference of 2 (p = 0,03)'. Figure 5: Time distribution of pain score entries (track changes lines 303-310).

'More importantly, the pain scores recorded by patients during the night were statistically significant higher compared with those recorded by nurses. Those patients with nightly high pain scores could potentially benefit from using the pain application, especially if we are able to establish a feedback loop from the app to the patients' electronic medical record combined with an automated on-demand nurse warning system. However, in a recent study amongst 105 chronic pain patients, pilot testing a smartphone application with and without 2-way messaging between patient and healthcare provider. Patients in the 2-way massaging group felt that their healthcare providers were less responsive (29). Therefore it seems very important that the nurse is able to respond to the patients call when introducing 2-way messaging or a feedback loop in daily hospital care' (track changes lines 342-351).

Minor issues:

3\. Please double check your numbers for the results. You have an error for the same number in the abstract and the manuscript body, assuming your table is correct. In the abstract

\"'severe': 24 (28%).\" should be \"'severe': 14 (28%).\"

In the body:

\"and 30 (28%) valued their pain as considerable to severe\" should be \"and 14 (28%) valued their pain as considerable to severe\"

Thank you for pointing this out. We have corrected the descriptive statistics in the abstract (track changes lines 29-30) and the manuscript body (track changes lines 239-242), (track changes lines 247-248), according to the results from table 2.

4\. Please be clearer about where (and how many places) the study took place. You currently have:

\"study was conducted in a Dutch general hospital situated at two locations in Amsterdam, the Netherlands\"

Ok\...so this is two locations of the same hospital? Or is this two areas of one hospital? In the discussion (limitations paragraph) you have:

\"the study was performed in a single center setting\"

The study was conducted in OLVG Hospital which has two locations situated in different parts of Amsterdam. We adjusted the discussion section with the following sentences 'This study is not without limitations. First, the study was performed on two locations of OLVG Hospital situated at different parts in Amsterdam which may not benefit the generalizability of the results' (track changes lines 377-379).

5\. Some typos/grammar problems in the manuscript:

\"\...provided them instructions how to use the application\...\" should be:

\"\...provided them instructions on how to use the application\...\"

This has been corrected (track changes line 108).

\"\...A patient sample size of 50 patients was, based on sample size calculation for qualitative studies, was estimated\...\" should be:

\"\...A patient sample size of 50 patients, based on sample size calculation for qualitative studies, was estimated\...\"

This has been corrected (track changes line 109).

Figure 4: \"adndroid\" and \"particoipate\".

This has been corrected, together with other adjustments of the figure.

\"under the implementation of patients self-recording pain on a lager scale.\"

should be:

\"under the implementation of patients self-recording pain on a larger scale.\"

This has been corrected (track changes line 401).

\"If a patient answer is yes, a comment for the nurses to discus the pain appears in the patient electronic medical record.\"

Should be:

\"If a patient answer is yes, a comment for the nurses to discuss the pain appears in the patient electronic medical record.\"

This has been corrected (track changes line 409).

\"\...high satisfaction rate for the majority of patients stakeholders and that it provides outcome comparable to nurses pain assessment\"

Should be:

\"\...high satisfaction rate for the majority of patients stakeholders and that it provides an outcome comparable to nurses pain assessment.\"

This is corrected (track changes line 419).

6\. Patients were notified three times daily to assess their pain. At what times? Was it different per patient based on when they started or at the same time for all patients?

All patients were notified at fixed times at 8:00 am, 14:00 pm and 22:00 pm. We adjusted the text into 'In addition, all patients were notified three times daily fixed at 8:00 am, 14:00 pm and 22:00 pm by the application to record pain' (track changes lines 139-141).

7\. This phrasing is confusing: \"We determined the following items from the literature: design, usability, content, and workflow indexing the feedback from the patients and stakeholders\"

I think you mean to say that you grouped feedback into these themes or categories, as has been done before (by cited papers).

We adjusted the phrasing into 'we grouped feedback from patients and stakeholders into the following themes determined the following items from the literature: design, usability, content, and workflow, obtained from previous research indexing the feedback from the patients and stakeholders (25-26)' track changes lines 186-188).

8\. How come the percentages in the rows of Table 2 all add up to different amounts (below 100)? Do these represent patients who did not reply to these questions? You have the brackets wrong in the cell that\'s in the 10th row and 3rd column.

Indeed, the different percentages in the rows of table 2 are due to the fact that 3 patients did not or partially complete the questionnaire. This was already mentioned in the text (track changes lines 207-210). We have now added: 'one patient used the application, but only partially completed the questionnaire' (track changes lines 210-211). Furthermore, we adjusted the table 2 legend with the following sentence 'the difference in total numbers per question is explained by 3 patients who did not or partially complete the questionnaire' (track changes line 250-251). The brackets in cell row 10, column 3 have been corrected

9\. Part of the Discussion reads: \"the number of pain scores ranging from NRS '0 to 4' and NRS '5 to 7' recorded by patients were statistically significant higher compared with the recordings of nurses (p 0.0024, p 0.0096)\"

This is not really written correctly. You should say \"the percentage\" not \"the number\" and the \'0 to 4\' range was lower while the \'5 to 7\' range was higher than when recorded by nurses, not both higher.

Thank you. We have corrected the text to: 'However, there are some differences, the percentage of pain scores ranging from '0 to 4' recorded by patients with the app was lower compared with the NRS recordings of the nurses (p = 0.0024). Moreover, the percentage of pain scores ranging from '5 to 7' recorded by patients with the app was higher compared with the NRS recordings of nurses (p = 0.0096) although these differences are probably not clinically relevant' (track changes lines 334-340).

10\. Reviewer \#2 has a good point, that \"The results need to provide descriptive statistics-including minimum and maximum -- for the number of ratings provided per patient before questionnaire completion\". I do not understand your response. The reviewer is referring to statistics summarizing the number of ratings per participant using the app. By \"questionnaire\" in your response do you mean the app ratings or the end questionnaire? Either you are saying that the data in the app does not have time stamp (which can\'t be true since you provide an in-app graph of ratings over time) or perhaps you are saying the questionnaire was completed before the actual end use of the app\...ie. patients used the app even after the questionnaire. This second possibility would be quite odd, but regardless you could summarize the total number of ratings done by each patient.

We agree on this point that our answer was not clear. In this current revision we have now provided descriptive statistics for the number of ratings per patient before questionnaire completion in the Results section: 'Indicating the experience patients have gained in using the app. The median number of pain recordings by patients before questionnaire completion was 3 with a range of 0 to 13' (track changes lines 214-216).

11\. Later Reviewer \#2 also asks \"For example, were they interviewed individually or in groups?" You should put the answer to this question into your actual manuscript as it is an important point.

We agree with the reviewer that this is important information. It was already mentioned in the manuscript. 'Stakeholders were individually questioned during a semi-structured interview conducted by a researcher after they had the opportunity to examine the application (supporting information 3 and 4)' (track changes lines 173-175).

12\. Unfortunately, in the regular body of the manuscript (not in tables and references) there are a number of differences between the tracked version and the cleaned version. It seems some things were adjusted in both separately. This makes it difficult to review. Some examples are on lines 170-171, 315, 352-353.

We want apologize for making the reviewing process more complicated. We have now corrected all identified errors and carefully addressed all editorial and reviewer comments in the current track changes version of the manuscript and made an exact copy of the changes in the 'clean version'.

###### 

Submitted filename: Rebuttal letter_31_1\_2020.docx

###### 

Click here for additional data file.
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Patient reported postoperative pain with a smartphone application: a proof of concept

PLOS ONE

Dear Thiel,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Your manuscript was re-reviewed by the same reviewer. As you can see from the comments below, the reviewer was generally satisfied with the revisions made in response to the previous major issues. Some minor textual issues remain, which should be relatively easy to adjust.

We would appreciate receiving your revised manuscript by Apr 03 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Peter M ten Klooster, Ph.D.

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#3: Thank you to the authors for addressing my comments. Figure 4 has been much improved. The removal of some of the secondary outcome text strengths the paper. There are only minor revisions to be made now.

Regarding the response to my previous point about the primary and secondary objectives being entangled, I agree with the authors that this study has clearly helped them understand what is needed to improve the app and the pain and faces scale, although I fail to see how comparing the resulting scores to nurse-recorded pain scores contributes to this. The goal of that original secondary objective was clearly to show the benefit of the app, rather than find its weaknesses. Nonetheless this can stay mentioned in the paper as I find the removal of the confusing parts of the secondary outcome adequate. Removing the paragraphs and Figure 5 narrows the focus of the paper, which is an improvement.

Since the results paragraph about when pain scores were done (during the night, etc.) has been removed, please remove the 2 sentences from the discussion, lines 340-342 as they do not make sense given the lack of associated data in the shortened results.

You have not actually removed all mentions of your in-app scale as an NRS from your paper. This should still be corrected in the Secondary outcome section, where for example on line 292 of the Tracked Changes version you refer to the \"patient recorded NRS\". Please adjust this section accordingly.

Additionally, the authors refer to \"the in-app pain scale and 11-faces scale\" in the abstract, but from what I see in Figure 1 the numbers and faces all go together on a single wheel (are moved as one), so the whole thing should be referred to as the \"in-app pain scale\" or \"in-app pain wheel\". At the end of the abstract, it could be referred to as the \"in-app pain scale with 11 faces\" or \"the app\'s 11 point numeric and faces pain scale\" or either option with \"wheel\" instead of \"scale\".

In the Study Procedures section, thank you for adding the notification times on lines 139 and 140 as this fits with the three dots per day in Figure 3. Please remove the \"am\" and \"pm\" from these lines, as you are using a 24-hour clock, so it is unnecessary.

In the Results and Discussion - Main Outcome section, I take issue with the way that you have labelled the lumped together responses for \"satisfying and very satisfying\" as well as \"agree and totally agree\" by using brackets around \"very\" and \"totally\". It is not immediately obvious that you are giving the sum of these two responses. I would much prefer you change \"(very) satisfying\" to \"satisfying or very satisfying\" and \"(totally) agreed\" to \"agreed or totally agreed\". This is how you listed it in the abstract.

Please fix your new reference 19, which is missing \"http\" in the URL.

Some small grammar issues to adjust:

On line 30 of the tracked changes version, thank you for fixing the counts and percents, but you have two \"and\"s in the sentence. The first one should just be a comma.

Line 131, in order to make this sentence grammatical correct please change it to \"referred to as a \'numerical rating scale\'\" or \"referred to as the \'numerical rating scale\'\". If using \"the\", perhaps you should capitalize it: \'Numerical Rating Scale\'.

Line 214 onto 215, you have an odd sentence fragment: \"Indicating the experience patients have gained in using the app.\" This is not a complete sentence because it does not have a subject. Please combine this with the next sentence in some way so that it is grammatically correct.

Please add a closing single quote on line 332 to end the quote from the patient.

In the discussion, your points are numbered, but there is no \"Four\". Please fix this by changing \"Five,\" to \"Four,\" on line 371.

Thanks for the clarification on line 377, but please change \"on two locations\" to \"in two locations\" or \"at two locations\" as these are proper ways to say it in English. Also please change \"situated at different parts in Amsterdam\" to \"situated at different parts of Amsterdam\" or simply \"in Amsterdam\".

Remove the extra period on line 388 and add a period at the end of your conclusion.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0232082.r006

Author response to Decision Letter 2

6 Apr 2020

Editorial comments:

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io

As already mentioned in the previous rebuttal letter a summary of the study protocol is published in the Dutch trial register (www.trialregister.nl). The Dutch trial register is a publicly accessible and freely searchable register for prospective studies run in the Netherlands or that are carried out by Dutch researchers. The study registration number is: NL6565. (Track changes lines 85-87)

Reviewers\' comments:

1\. Since the results paragraph about when pain scores were done (during the night, etc.) has been removed, please remove the 2 sentences from the discussion, lines 340-342 as they do not make sense given the lack of associated data in the shortened results.

Removed: Moreover, patients recorded their pain more divided through the day and more during the night compared to nurses. Nurses tend to record pain during specific moments as part of their daily routine and care rounds for patients. (Tack changes lines 331-333)

2\. You have not actually removed all mentions of your in-app scale as an NRS from your paper. This should still be corrected in the Secondary outcome section, where for example on line 292 of the Tracked Changes version you refer to the \"patient recorded NRS\". Please adjust this section accordingly.

Adjusted into: Patients recorded 307 times their pain score with the app, while nurses recorded 396 times a NRS for pain. The median patient recorded pain app score was 4.0 (range 0 to 10), the median nurse recorded NRS for pain was 4.0 (range 0 to 9) p = 0.06. The differences in pain recordings ranging from '0 to 4', '5 to 7' and '8 to 10' between patients and nurses were respectively 11% (p = 0.0024), 9% (p = 0.0096) and 2% (p = 0.27) (Table 4). One hundred ninety seven patient pain app scores (64%) were rated as pain during rest. Patients asked 92 times (29%) for extra analgesia and 63 times (20%) for a nurse. One hundred thirty one patient pain app scores (42%) were ≥ 5, of these, 109 were still rated as bearable and only 55 times they asked for extra analgesia (Table 5). (Track changes lines 289-297)

3\. Additionally, the authors refer to \"the in-app pain scale and 11-faces scale\" in the abstract, but from what I see in Figure 1 the numbers and faces all go together on a single wheel (are moved as one), so the whole thing should be referred to as the \"in-app pain scale\" or \"in-app pain wheel\". At the end of the abstract, it could be referred to as the \"in-app pain scale with 11 faces\" or \"the app\'s 11 point numeric and faces pain scale\" or either option with \"wheel\" instead of \"scale\".

Adjusted the following sentence in abstract: Further research is needed to validate the 11-point numeric and faces pain scale in-app pain scale and the 11-faces scale with the current gold standards visual analogue scale (VAS) and NRS for pain. (Track changes lines 45-46)

Adjusted sentence in the discussion: Much work still needs to be done to thoroughly adjust and examine the psychometric features of the app's 11-point numeric and faces pain scale and validate it against VAS and NRS. (Track changes lines 386-387)

4\. In the Study Procedures section, thank you for adding the notification times on lines 139 and 140 as this fits with the three dots per day in Figure 3. Please remove the \"am\" and \"pm\" from these lines, as you are using a 24-hour clock, so it is unnecessary.

Removed: "am" and "pm" (Track changes lines 132-133)

5\. In the Results and Discussion - Main Outcome section, I take issue with the way that you have labelled the lumped together responses for \"satisfying and very satisfying\" as well as \"agree and totally agree\" by using brackets around \"very\" and \"totally\". It is not immediately obvious that you are giving the sum of these two responses. I would much prefer you change \"(very) satisfying\" to \"satisfying or very satisfying\" and \"(totally) agreed\" to \"agreed or totally agreed\". This is how you listed it in the abstract.

We have changed it into the following: Thirty patients (60%) rated communicating the degree of pain with the application as satisfying or very satisfying (Table 2). The overall experienced postoperative pain was valued as no pain by 3 patients (6%), little pain in 5 patients (10%), 25 patients (50%) valued their pain as bearable and 13 (26%) valued their pain as considerable. One patient (2%) experienced severe pain. Asking patients if they could easily and correctly record their pain with the application 45 (90%) agreed or totally agreed. Asking about the three times daily notifications to score pain 38 patients (76%) agreed or totally agreed that this was useful. Regarding the overall appearance of the app 40 patients (80%) found it attractive or very attractive. Asking if it would be beneficial to contact a nurse with the application 9 (18%) of the patients reported that it would not be beneficial. The in-app pain intensity chart was valued as useful or very useful by 40 patients (80%). (Track changes lines 232-242)

6\. Please fix your new reference 19, which is missing \"http\" in the URL.

Fixed reference 18

18\. Richtlijn Postoperatieve Pijn 2012 \[Available from: <http://www.anesthesiologie.nl>\].

Fixed reference 19

19\. De NHG-Standaard PIJN 2015 \[Available from: <http://www.nhg.org/standaarden/volledig/nhg-standaard-pijn>\].

(Track changes lines 436 and 437)

7\. On line 30 of the tracked changes version, thank you for fixing the counts and percents, but you have two \"and\"s in the sentence. The first one should just be a comma.

Corrected into: Pain experienced after surgery was scored by patients as 'no': 3 (6%), 'little': 5 (10%), 'bearable': 25 (50%), 'considerable': 13 (26%) and 'severe': 1 (2%). (Track changes lines 29-30)

8\. Line 131, in order to make this sentence grammatical correct please change it to \"referred to as a \'numerical rating scale\'\" or \"referred to as the \'numerical rating scale\'\". If using \"the\", perhaps you should capitalize it: \'Numerical Rating Scale\'.

Corrected into: This method of pain assessment is common practice in most Dutch hospitals and commonly referred to as a 'numerical rating scale'. (Track changes lines 124-125)

9\. Line 214 onto 215, you have an odd sentence fragment: \"Indicating the experience patients have gained in using the app.\" This is not a complete sentence because it does not have a subject. Please combine this with the next sentence in some way so that it is grammatically correct.

Corrected into: Indicating the experience patients have gained in using the app, the median number of pain app recordings before questionnaire completion was 3 (range 0 to 13). (Track changes lines 209-211)

10\. Please add a closing single quote on line 332 to end the quote from the patient.

Added: One patient stated that 'When I need a nurse immediately I'll use the button next to my bed'. (Track changes line 323)

Added: He said: 'I only watch the red notifications on the corners of the app icon'. (Track changes line 342)

11\. In the discussion, your points are numbered, but there is no \"Four\". Please fix this by changing \"Five,\" to \"Four,\" on line 371.

Corrected into: Four, to add more and clear personalized feedback messages in the app. (track changes line 353)

12\. Thanks for the clarification on line 377, but please change \"on two locations\" to \"in two locations\" or \"at two locations\" as these are proper ways to say it in English. Also please change \"situated at different parts in Amsterdam\" to \"situated at different parts of Amsterdam\" or simply \"in Amsterdam\".

Corrected into: First, the study was performed at two locations of OLVG Hospital in Amsterdam...(Track changes lines 359-360)

13\. Remove the extra period on line 388 and add a period at the end of your conclusion.

Removed and added a period (track changes lines 369 and 401)
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Patient reported postoperative pain with a smartphone application: a proof of concept
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Dear Dr. Thiel,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Peter M ten Klooster, Ph.D.

Academic Editor

PLOS ONE
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Patient reported postoperative pain with a smartphone application: a proof of concept

Dear Dr. Thiel:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Peter M ten Klooster

Academic Editor

PLOS ONE
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